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Why DIFMAP (Shepherd M., Pearson T., Taylor G., 1994) :
Sparse U-V coverage

Side-lobes

Embedded 
real structure 
(Gaussian)

Synthetic 
VLBA dataset



Why DIFMAP :
Interferometric gain errors

Perley, 1999

Antenna-
separable errors

Closure amplitude

Closure phase

Baseline-based, 
or “closure” 
errors (figure)

Chael et al., 
2018, ApJ, 
857, 23C

Antenna-specific gain

Baseline-specific gain Thermal noise
True visibility

Snapshot observation with 10% Amplitude Error on 
one antenna (VLA). Ekers, 1999.

Chael+ 2018



DIFMAP and jet kinematics

VLBA-BU 
Blazar 
Program



A “MOJAVE on the kpc-scale”?

Lister+ 2016

Asada+ 2014, 
Meyer+ 2015 and 
others



1985, 15 GHz

2000, 8.4 GHz

2003, 22 GHz

2019, 22 GHz

1            2

200 pc

VLBI Jet of 3C 279
(Wehrle+ 2001)

VLA jet of 3C 78

Need higher accuracy, and uncertainties 
need to be quantified.



Need for model complexity:
M87, Blandford+ 2019

Asada+ 2014

3C 84
Nagai+ 2014

Boccardi+ 17



Introducing ngDIFMAP and capabilities

Global Optimization 
Technique, Simulated 

Annealing (Goffe+ 
1985)

Closure Quantity Fitting

Modifiability
Monte Carlo simulations 

of errors to compute 
uncertainties in parameter 

space.

ngDIFMAPDIFMAP + =

Previous effort: DIFWRAP 
(Lovell 2000) but not 
fundamentally better than 
DIFMAP’s error estimation.

Example of simple previous 
modification: Britzen S., …, 
Campbell R.M., et al. 2007, 
A&A, 472, 763

Circumvents antenna-based gain 
errors (function present in 
obsolete Caltech VLBI programs)

Better for large parameter space, 
but time consuming



Application (DIFMAP)
Radio emission from radio-quiet AGN: case of changing look Mrk 590

Possible nascent jet, Yang+ 2021

Software used: AIPS+DIFMAPDenney+ 2014

2015



Application (ngDIFMAP) 
Radio emission from radio-quiet AGN: case of changing look 1ES 1927+654

arXiv: 2203.07446, Laha+, 2022, ApJ, 931,5 

Software used: AIPS+ngDIFMAP

2 pc

Corona gone

Corona reviving

VLBI core flux

LR/LX ~ 10-5

Near confirmation of 
coronal origin of radio 
emission (synchrotron). 
Has never been 
observed before.

Appearance of broad lines around 2017-2018

Used Monte Carlo tests not possible in 
DIFMAP

EVN (K. Gabanyi)

VLBA

EVN (J. Yang)

Extended flux not due to CL event



Determination of 
uncertainties in model-
fitting

Starting best-fit 
model

Random loss in 
UV coverage and 

residual gain 
errors (Monte 
Carlo method)

Resulting parameter 
covariance matrix 

from all best-fit 
results, not single-fit 

matrix already in 
DIFMAP



Starting test model and output plots:
• Parameter Covariance 

Matrix: 𝚽mn

• Std. Dev:
• Correlation:

w
d

Point source

Gaussian

Point source flux std. dev. 
v/s Gaussian flux

Correlation b/w PS flux and 
Gaussian flux v/s Gaussian 
flux

Bias in Gaussian position 
v/s Gaussian flux

Roychowdhury+ 2022a 
(to be submitted)



Summary and conclusions

• Novel modification to DIFMAP to robustly 
understand noisy interferometric data.

• New models will be added and convolution 
engine will be improved (only Gaussians and 
PSs can be convolved in DIFMAP).

• Immense scope for further modification: 
possibilities include rewriting DIFMAP with 
MPI to handle latest large datasets.

Originally developed for CAgNVAS: Catalogue of 
proper motions in extragalactic jets from Active 
galactic Nuclei with Very large Array Studies. 
(Vide talk at COSPAR (E1.2) next week.) 


